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In the fly antennal lobe projection neurons receive odor information from olfactory sensory 
neurons and transmit it to higher brain centers. However, projection neurons respond differ-
ently to odors than sensory neurons, despite the fact that they appear to have one-to-one 
connectivity. Shang et al. (2007) now describe the existence of excitatory neurons within 
the antennal lobe that may account for some of these unexplained differences.Unlike light and sound, odors cannot 
be easily defined by a few physical 
parameters. Odor complexity (and 
the significance of olfaction to an 
animal’s lifestyle) is reflected in the 
number of odor-receptor genes in 
an animal’s genome. In contrast to 
the hundreds of receptors found in 
vertebrates, the fruit fly Drosophila 
melanogaster only has 60. Thanks 
to the efforts of many groups, we 
now have an understanding of 
the olfactory system in the fly that 
surpasses what is known of other 
organisms. This includes a detailed 
map of odors that activate a par-
ticular receptor and the identity of 
the receptors that are expressed 
by each sensory neuron (Hallem 
and Carlson, 2006). This informa-
tion provides an enviable founda-
tion for understanding how odors 
are represented in the brain. In this 
issue, Shang et al. (2007) advance 
our understanding of odor repre-
sentation in the fly brain by identify-
ing a new and potentially important 
group of neurons within the anten-
nal lobes, the first olfactory relay in 
the fly brain.
In both vertebrates and insects, 
odors are sensed by olfactory sen-
sory neurons, which are thought to 
express only one or a few types of 
olfactory receptor (Benton, 2006). 
Through anatomical substructures 
known as glomeruli, which are 
thought to be a fundamental unit of 
odor processing, olfactory sensory 
neurons connect to second-order 
neurons (called projection neurons 
in insects and mitral-tufted cells in vertebrates). These projection neu-
rons then relay information to higher 
brain regions (Hildebrand and 
Shepherd, 1997). Olfactory sensory 
neurons in both mammals and flies 
that express the same odor recep-
tor converge to one or two glomeruli 
per antennal lobe in the fly (or olfac-
tory bulb in mammals). This has led 
to the view that different odors are 
represented in the brain through the 
activity of spatially distinct groups 
of neurons (odortopy) (Jefferis, 
2005). In flies, this hypothesis is 
further supported by the observa-
tion that projection neurons inner-
vating a specific glomerulus appear 
to maintain a stereotyped pattern Cell 128, Fof connectivity within higher brain 
centers (Marin et al., 2002; Wong et 
al., 2002).
Optical imaging of odor-evoked 
activity in the fly antennal lobe 
using genetically encoded fluo-
rescent reporters largely sup-
ports the odortopy hypothesis (Ng 
et al., 2002; Wang et al., 2003). In 
contrast, an analysis of the odor-
evoked responses of single neurons 
revealed that some projection neu-
rons had different response dynam-
ics than the olfactory sensory 
neurons converging on the same 
glomerulus (Wilson et al., 2004). It 
was proposed that inhibitory local 
neurons might account for some of Figure 1. The “Empty” Neuron System
The “empty” neuron system was used to reveal the existence of excitatory local neurons in the 
fly brain (Shang et al. 2007). Individual neurons are depicted as circles and lines; circles represent 
cell bodies and dendrites, and lines with arrows indicate excitatory projections, whereas lines 
with flat bars indicate inhibitory projections. Olfactory sensory neurons are depicted in blue and 
purple, excitatory local neurons in green, inhibitory local neurons in orange, and projection neu-
rons in black. White circles indicate individual glomeruli. Projection neurons transmit information 
to higher brain centers. In the empty neuron mutant, the olfactory receptors in one particular set 
of olfactory sensory neurons have been deleted (faint blue), leaving the projection neuron without 
an apparent source of excitatory activity. The empty olfactory sensory neuron is still present 
and appears normal but is now minimally responsive to odors. Shang et al. (2007) discovered 
the presence of local cholinergic (excitatory) neurons (green) that could receive input from other 
glomeruli, providing an explanation for why they observed significant activity of projection neu-
rons in the empty glomerulus.ebruary 9, 2007 ©2007 Elsevier Inc. 431
the differences between the odor 
responses of olfactory sensory 
neurons and the projection neurons 
innervating a particular glomerulus.
Shang et al. (2007) now identify a 
new set of excitatory local neurons 
within the antennal lobe and provide 
evidence that these excitatory neu-
rons are likely to contribute to the 
responses of projection neurons. 
They first investigated the responses 
of projection neurons using a fly 
mutant in which two olfactory recep-
tors are deleted. As a result, these 
mutant flies have a group of olfactory 
sensory neurons that still project 
to their normal glomerulus but are 
essentially unresponsive to odors. 
The authors reasoned that if all activ-
ity in a particular glomerulus comes 
from this group of olfactory sensory 
neurons, receptor loss should cause 
a concomitant loss of activity in the 
projection neurons. However, when 
Shang and colleagues imaged the 
activity of projection neurons in the 
glomerulus innervated by the “empty” 
olfactory sensory neurons they 
observed a substantial odor-evoked 
response (Figure 1). To investigate 
the source of the additional input, 
the investigators pharmacologically 
blocked the effect of the inhibitory 
local neurons. However, relieving 
inhibition did not attenuate the activ-
ity of the projection neurons, which 
led the investigators to postulate the 
existence of additional excitatory 
elements within the antennal lobe. 
Indeed, closer examination of the 
antennal lobe (using an enhancer-
trap line that expressed a marker 
protein) revealed the presence of 
excitatory cholinergic local neurons. 
Like some of the inhibitory neurons, 
the excitatory neurons appear to 
ramify broadly throughout the anten-
nal lobe. Furthermore, the authors 
observed other examples of projec-
tion neurons responding to odors in 
the absence of attendant olfactory 
sensory neuron responses in wild-
type flies, suggesting that excitatory 
local neurons may play a general role 
in shaping the odor response of pro-
jection neurons.432 Cell 128, February 9, 2007 ©2007 ElAlthough the work of Shang and 
colleagues forces us to reevalu-
ate our conceptual models of odor 
processing in the antennal lobe, 
there are a number of questions to 
address before we can appreciate 
the role of these neurons as well 
as the role of the antennal lobe in 
odor processing. The investiga-
tors expressed a reporter in exci-
tatory local neurons that allowed 
them to optically record their activ-
ity and found that they are broadly 
responsive to odors and do not 
exhibit obvious spatial differences 
in their activity. Electrophysiological 
recordings of excitatory local neu-
rons in response to odors should 
determine whether the population is 
homogeneous. The higher sensitiv-
ity and resolution of electrophysi-
ological recordings of olfactory 
sensory neurons and projection 
neurons revealed differences that 
were not apparent in optical record-
ings (Wilson et al., 2004). Addi-
tionally, the existence of electrical 
coupling through gap junctions 
between projection neurons and 
excitatory local neurons has not yet 
been examined.
The observation that excitatory 
local neurons respond uniformly to 
odors led Shang and colleagues to 
propose that they may boost weak 
projection-neuron signals so that 
they are more reliably detected by 
downstream neurons. However, 
testing this hypothesis will require 
new reagents and methodology.
Excitatory local neurons may also 
explain the change in the glomeru-
lar pattern of odor-evoked activity 
of projection neurons after a fly has 
been trained to associate a specific 
odor with electric-shock punish-
ment (Yu et al. 2004). After training, 
exposing the fly to the conditioned 
odor alone activated an additional 
glomerulus that was not activated 
prior to training. It would be inter-
esting to determine if this learning-
induced change requires the activ-
ity of excitatory local neurons. The 
involvement of the antennal lobe in 
fly olfactory memory has not been sevier Inc.explicitly tested, but experiments in 
honey bees indicate that it can be a 
site for memory formation.
A detailed analysis of the micro-
circuitry of individual glomeruli will 
greatly facilitate our understand-
ing of fly odor processing. With the 
Shang et al. (2007) study, we now 
know there are at least four dif-
ferent neuronal subtypes within a 
glomerulus (Figure 1), but are these 
neurons wired together the same 
way in every glomerulus? Do dif-
ferences in glomerular connectivity 
account for the variety of projec-
tion-neuron responses, or do pro-
jection neurons have different bio-
physical properties? Notably, other 
studies indicate that there are more 
unidentified neurons within the fly 
antennal lobe that await functional 
investigation. As the Shang et al. 
(2007) study illustrates, the simple 
anatomy of the insect brain and the 
amenability of the fly to genetic and 
physiological analyses suggest that 
unraveling the complexity of olfac-
tion in the fly is an attainable goal.
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